Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 3. DATES COVERED
30 SEP 2001 2. REPORT TYPE 00-00-2001 to 00-00-2001
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

AhaHuliko'a Workshop Series 5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Univer sity of Hawaii,Department of Oceanogr aphy,, 1000 Pope Road, REPORT NUMBER
MSB 429,,Honolulu,,HI, 96822

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONY M(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT
Thegoal of the workshop seriesisto review the state-of-the-art, to identify areas of ignorance, and to make
recommendations for futureresearch on atopic or topicsrelevant to the Office of Naval Research

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION OF | 18.NUMBER | 19a. NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE Same as 3
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



‘AhaHuliko’a Workshop Series

Peter Muller
University of Hawaii
Department of Oceanography
1000 Pope Road, MSB 429
Honolulu, HI 96822
phone: (808)956-8081 fax: (808)956-9164 email: pmuller@soest.hawaii.edu

Grant Number: N00014-00-1-0168

LONG-TERM GOAL

The goal of the workshop seriesisto review the state-of-the-art, to identify areas of ignorance, and to
make recommendations for future research on atopic or topics relevant to the Office of Naval
Research.

OBJECTIVES

The participants of the 2001 workshop were tasked to assess the state of our understanding of the
processes that convert variance from the eddy to the molecular scale and that may need to be
parameterized in ocean models. This scale rangeis ahighly complex and not yet fully understood
dynamical regime and includes eddies, fronts, internal waves, vortical modes, stratified turbulence,
double diffusion and mixing.

APPROACH
WORK COMPLETED

A four-day workshop on “From stirring to mixing in a stratified ocean” was held from January 16 - 19,
2001, in Honolulu, Hawaii. The workshop brought together observationalists, theoreticians and
numerical modelers. The workshop focused on:

(1) The parameterization of mesoscale eddies.

(2) Genera approachesto stirring, including the application of ideas from dynamical systems
theory.

(3) Inertia instability, submesoscale motions, and vortical motions.
(4) Theinterplay of isopycnal and diapycnal processes.

(5) Processesin the surface mixed layer.

(6) The stirring and mixing of biologically active tracers.

(7) Mixing efficiency, i.e. the fraction of energy lost from the mean flow that produces a
vertical buoyancy flux.

(8) Differential mixing of heat and salt.
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The lectures of the participants are published in Muller and Henderson (2001). A summary of the
workshop isgive in Muller and Garrett (2001).

RESULTS

Stirring and mixing are the physical processes that convert variance from the eddy to the molecular
scale. These processes need to be understood and parameterized in aform that can be implemented
into ocean models. The participants identified as major open issues:

Q) What are the constraints on eddy parameterization and how should they be
implemented?

2 What nonlocal effects matter and how can they be parameterized?

3 How uniform are stirring and mixing processes? Are there any “hotspots’, particularly
in association with topographic features?

4 What are the effects of diapycnal boundary processes on eddy parameterization?
5) What is the parameter dependence of the mixing efficiency or flux Richardson number?
(6) How does energy leak from the slow manifold?

@) What aspects of stirring and mixing affect biological processes? What do patterns of
biological tracerstell us about fluid dynamics?

(8 Under what circumstances do we need different diffusivities for different tracers?
(99  What are the effects of adiabatic stirring on diapycna mixing?

(10) Do subgridscale processes provide stochastic forcing?
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